Introduction
Let L be an ample line bundle of type δ = (d 1 , d 2 , ..., d g ) on an abelian variety A of dimension g. Consider the associated rational map φ L : A −→ IP H 0 (L) . Suppose L = M n , for some ample line bundle M on A. Then Koizumi and Ohbuchi have shown that L gives a projectively normal embedding if n ≥ 3 and when n = 2, no point of K(L) is a base point for M, (see [BL] , 7.3.1). Consider the case when g = 2, and L is an ample line bundle of type (1, d) on A, i.e. L = M n for any ample line bundle M on A, n > 1. Then it has been shown by Lazarsfeld (see [L] ) that whenever φ L is birational onto its image and d ≥ 7 odd and d ≥ 14 and even, then φ L gives a projectively normal embedding. We showed that if the Neron Severi group of A, NS(A), is Z Z, generated by L, and d ≥ 7, then φ L gives a projectively normal embedding, (see [I] ).
In this article we show Theorem 1.1 Suppose L is an ample line bundle on a g-dimensional simple abelian variety A. If h 0 (L) > 2 g .g! then L gives a projectively normal embedding, for all g ≥ 1.
Since projective normality is an open condition, our theorem is, therefore true for a generic pair (A, L), as above.
We outline the proof of 1.1.
We firstly show that for abelian varieties, it is enough to show the surjectivity of the
to give a projectively normal embedding, (see 2.3).
To show 2-normality and hence projective normality of L, we firstly consider a finite isogeny A −→ B = A/H, where H is a maximal isotropic subgroup of the fixed group of
We then show that the surjectivity of the map ρ 2 is equivalent to showing the dual subgroup H ′ of H, in B(≃ P ic 0 (B)) generates the linear system of M 2 ( and hence its translates also) i.e. the images of points of H ′ , under the morphism B
( Here θ is the unique divisor in |M| and
We show ( see 3.2) Proposition 1.2 Let L be an ample line bundle on a simple abelian variesty Z and consider the associated rational map
Then any finite subgroup G of Z, of order strictly greater than h 0 (L).g!, generates the linear system IP H 0 (L). More precisely, the points φ L (g) where g runs over all elements of G not in the base locus of
We then apply above proposition to L = t * σ M 2 , to obtain bounds as asserted for a polarized abelian variety (A, L), in 1. Notations : Let L be an ample line bundle on an abelian variety Z, of dimension g.
If G is a finite subgroup of Z, then Card(G) = order(G).
'r-normality' of L
Consider an abelian variety A of dimension g and an ample line bundle L on A.
Consider the multiplication maps
Definition 2.1 L is said to be r-normal, if ρ r is surjective.
The main result of this section is the following.
Proposition 2.3 Suppose L is an ample line bundle on an abelian variety A. If L is 2-normal, then L is r-normal, for all r ≥ 2. In particular, L is normally generated.
Firstly, we will see Proposition 2.4 Suppose L and M are ample line bundles on an abelian variety A.
1) The multiplication map
are also surjective, for α in some open subset U of P ic 0 (A).
Proof: 1) See [BL] , 7.3.3.
2) DenoteÂ = P ic 0 (A). Consider the projections p A : A ×Â −→ A and pÂ :
A ×Â −→Â and the sheaves
) have constant dimension, for all α ∈Â, E 0 , E 1 and E 2 are vector bundles onÂ.
Consider the natural maps
and
Since the map
by assumption, is surjective, by semi-continuity, ρ 02 (α) and ρ 12 (α) are surjective, for α in some open subset U ofÂ. 2
Proof of 2.3 : We prove by induction on r. Suppose the map ρ r :
Consider the map
To see the surjectivity of the map ρ r+1 = ρ 1,r • (Id ⊗ ρ r ), we need to show that the map ρ 1,r is surjective.
By 2.4 1),
Since L is 2-normal, by 2.4 2) (a),
which implies ( using 2.4 1)) that
Consider the multiplication map
This map factors via
and Kerρ 2 = I 2 = the vector space of quadrics containing
We will use the following. 
. To complete our proof, it suffices to show that Card(
We will require the geometric interpretation of 3.1, namely, 
Proof of 1.1 :
be a maximal isotropic subgroup, for the Weil form e L . Consider the isogeny A
By Projection formula and using the fact
where L χ denotes the degree 0 line bundle on B, corresponding to the character χ on H, we get
and we can write the map ρ 2 as ⊕ σ∈H ′ ρ σ , where
To show surjectivity of ρ 2 , it is enough to show surjectivity of ρ σ , for each σ ∈ H ′ . Now it is well known that the morphism associated to the line bundle M 2 , embeds the Kummer variety of B, K(B), in the linear system |M 2 | and is given as 
.g!, by 3.2 and (I), each ρ σ is surjective. Hence, by 2.3, our proof is now complete.
Remark 3.3 Notice that if g = 1, any line bundle of degree strictly greater than 2 on an elliptic curve, gives projectively normal embedding. Hence the bound is sharp.
If g = 2 and L(1, d) is an ample line bundle on an abelian surface A, with h 0 (L) = 7, 8, then by [I] and [L] , we know L gives projectively normal embedding (generically).
By the method of proof of 1.1, we cannot expect to obtain a sharp bound since if L were to be of type (2, 4), then it does not give a projectively normal embedding.
Consider the situation when g ≥ 3. It is clear, by Kunneth, that if But we can hope to improve the bound in 3.1, for g > 1, by taking into consideration the structure of the finite subgroup H ′ , which essentially distinguishes the type δ of L, So one may get better bounds in some cases and hence for the pair (A, L), in 1.1, ( since all the divisors in the linear system of M 2 , are symmetric for the action of i).
